Hepatitis E (HE) is an important emerging disease in European countries. To analyse the role of equids as potential reservoirs for HE virus (HEV), we determined the prevalence of HEV infection in 861 equines from 464 herds in Spain. HEV RNA in serum was detected in 0.4% (3/692) of horses, 1.2% (1/86) of donkeys and 3.6% (3/ 83) of mules. Phylogenetic analysis identified the zoonotic genotype 3 as being closely related to viral human and swine strains. In this first report on HEV in equids in Europe, we confirm the susceptibility of horses, donkeys and mules to HEV infection. The low prevalence detected indicates that equids may be considered spillover hosts rather than true reservoirs.
| INTRODUCTION
Hepatitis E virus (HEV) is a nonenveloped virus with a positive single-stranded RNA genome belonging to the genus Orthohepevirus, family Hepeviridae. HEV strains infecting humans are classified into four genotypes. Genotypes 1 and 2 have been detected only in humans, while Genotypes 3 and 4 are zoonotic and predominant in domestic pigs and wild boar. Genotypes 3 and 4 have also been detected in a wide range of domestic and wild species (Spahr, Knauf-Witzens, Vahlenkamp, Ulrich, & Johne, 2018) .
Hepatitis E virus infection is the main cause of acute hepatitis in humans in industrialized countries. Due to the risk of zoonotic transmission, hepatitis E (HE) is also considered an emerging disease of public health concern in Europe (Adlhoch et al., 2016) . In developing countries, consumption of undercooked or raw infected pork and wild boar meat are major sources of exposure to HEV. Domestic pigs, wild boar and deer are the main species for foodborne transmission of HEV to humans (Colson et al., 2010; Tei, Kitajima, Takahashi, & Mishiro, 2003) . Furthermore, HEV exposure has been confirmed in other species, including cattle, cats, rabbits, camels and shellfish (Doceul, Bagdassarian, Demange, & Pavio, 2016; Huang et al., 2016; Kuno et al., 2003; Lee et al., 2016) , although the epidemiological role of these species is unclear.
Information about the prevalence of HEV in horses worldwide is still very scarce. Serological and molecular studies carried out in Asia and Africa suggest that horses are susceptible to HEV infection (Saad et al., 2007; Zhang et al., 2008) . A previous study reported contact with horses as a risk factor for HEV seropositivity in humans (Christensen et al., 2008) . The aim of this study was to determine the prevalence of HEV in equine species in Andalusia (southern Spain).
Between April 2010 and March 2014, 692 blood samples were collected from horses (382 herds). Sampling was stratified by province according to the proportion of horses in each. The herds in each province were selected by simple random sampling using official records of herds obtained from the Regional Government of Andalusia. Based on the size of the selected herds (ranging from 1 to 180; median = 16) and an estimated within-herd prevalence of 50% with confidence levels of 95% (95% CI), between one and 22 horses from each herd were randomly sampled for detection of HEV infection. Sampled horses were selected using systematic sampling.
Further blood samples were obtained from 86 donkeys (42 herds) and 83 mules (40 herds) in the province of Cadiz, using convenience sampling for selection. Sequence analysis was performed with SnapGene software (Version 3.1; GSL Bio-tech, snapgene.com). MUSCLE (Hinxton, UK) was used to create sequence alignments. This procedure amplifies a region of ORF2 located between 5699 nt and 6401 nt. Phylogenetic trees were constructed by the neighbour-joining method, with reference sequences for HEV genotypes/subtypes. Maximum composite likelihood method for evolutionary distances and a 1,000-bootstrap procedure was conducted in MEGA software (version 7) to obtain the final tree.
Epidemiological information was obtained by interviewing the owners directly, and included data associated with the sampled animals (species, breed, gender and age), herd data (province), management (activity, type of housing, number of horses in the holding, transport of horses in the previous 6 months or 2 years) and biosecurity measures (contact with other domestic or wild species, disinfection and cleaning protocols, water sources and pest control programs). The chi-squared and Fisher's exact test were used to establish associations between RT-PCR results (dependent variable) and explanatory variables. Variables that correlated P < 0.20 were included for further analysis. Biologically plausible confounding factors were assessed using Mantel-Haenszel analysis. Finally, multivariate logistic regression analysis was performed to identify risk factors potentially associated with HEV infection (likelihood ratio, Wald test, P < 0.05). Differences of P ≤ 0.05 were considered statistically significant. Statistical analyses were performed using R software (R Development Core Team, 2013).
| RESULTS
Hepatitis E virus RNA was detected in 7 (0.8%; 95% CI: 0.2-1.4) of 861 equids tested. Individual prevalence was 0.4% (3/692) for horses, 1.2% (1/86) for donkeys and 3.6% (3/83) for mules. HEV was significantly more prevalent in mules compared with horses (P = 0.019). The age of the infected animals ranged from one to 18 years old (Table 1) . Although the prevalence of HEV was higher in geriatric animals than in adults (P = 0.003) and young animals (P = 0.005), a high correlation was found between species and age (P < 0.001). No statistically significant differences between HEV infection and other explanatory variables were detected. Neither species nor age was retained in the multivariate logistic regression model. Phylogenetic analysis could only be performed on one horse and showed that the sequenced isolate belonged to zoonotic genotype 3, clade 3efg (Figure 2 ). The strain (GenBank Accession Number: MH178352) was clustered with a viral strain that has been detected in human samples in France (GenBank Accession Number: EU495148) and Japan (GenBank Accession Number: AB850879) and in pigs in Spain (GenBank Accession Number: EU723516 and EU723514), sharing 94% nucleotide identity.
| DISCUSSION
Over the last decade, the number of cases of HEV has sharply increased in humans in Europe (Adlhoch et al., 2016) . In Spain, the reported prevalence (range 12%-26%) and incidence (range 4%-7%) of HEV in humans are relatively high (Adlhoch et al., 2016; Pineda et al., 2014; Rivero-Juarez, Cuenca-Lopez et al., 2017) and cases of fulminant HEV have been reported (Lapa, Capobianchi, & Garbuglia, 2015) . Identifying all potential animal reservoirs is a critical step in the control of this zoonotic disease. Although serologic and molecular evidence for HEV infection has been detected in a wide variety GARCÍA-BOCANEGRA ET AL.
| 67 of wild and domestic species, the role of these species as reservoirs is still unclear, except for members of the Suidae.
Information about HEV infection in equids is limited strictly to reports suggesting that horses can act as HEV hosts. In Egypt, 13% (26/200) of horses had antibodies against HEV and the virus genome was detected in four of 100 (4.0%) animals (Saad et al., 2007) . In China, 16.6% (8/49) of horses were positive for anti-HEV antibodies and HEV RNA was confirmed in one (2.0%) seropositive animal (Zhang et al., 2008) . The genotypes detected in the studies of horses in Egypt (genotype 1) and China (genotype 3) were closely related with other HEV strains isolated previously in human and swine. The overall prevalence in our large survey coincides with figures reported for horses in endemic countries and suggests limited prevalence of HEV infection in equids in southern Spain.
To the best of our knowledge, this is the first survey study of HEV in equids in Europe and the first to report HEV infection in donkeys and mules worldwide. Our results confirm the susceptibility of these three equid species to HEV infection. Even though a significantly higher HEV prevalence was detected in mules compared with horses, the "species" variable was not retained in the multivariate model. The absence of risk factors associated with HEV infection may be associated with the low number of positive animals. Further serosurvey studies should be carried out to identify potential risk factors affecting HEV exposure in equines.
HEV is endemic in the study area and widely distributed among domestic pigs (range 20%-71%), wild boar (range 26%-43%) and deer species (10%; Boadella et al., 2010 Boadella et al., , 2012 De Deus et al., 2008; de Oya et al., 2011; Peralta et al., 2009; . The low prevalence detected in the present study indicates that equines can be considered spillover hosts rather than true reservoirs. Nevertheless, the presence of HEV RNA indicates active infection, so that handling live infected animals and eating raw or In Europe, human infections have been associated with HEV-3 subtypes -a, -c, -g, -e, -f, while Genotypes 1 and 4 are reported more sporadically (Lapa et al., 2015) . The genotype detected in the horse was identified as Genotype 3, clade 3efg. The strain is clustered with the dominant type detected in swine species in Spain (De Deus et al., 2008; de Oya et al., 2011; .
Unfortunately, only one viral strain could be amplified. To confirm the positive samples, two independent qPCR methods were used as Vina-Rodriguez et al. (2015) . All these samples were reactive in these two qPCR procedures. We think the reason we could not sequence the strain may have been due to a relatively low viral load, or possibly, the presence of various mutations at the primer-binding site that was unable to amplify the sequences.
In conclusion, our results provide evidence of HEV infection in horses, donkeys and mules in Spain and suggest a possible role for these species as reservoirs or spillover hosts. Additional studies are required to assess the infectivity of equids in other species, including humans. 
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